Tachistoscopic studies of lateralization in bilinguals suggest that there is a greater degree of right hemisphere involvement in their processing of language than is typically found in monolinguals. However, most of the studies reviewed failed to control the sex, handedness, and degree of fluency of the subjects and did not include a monolingual comparison group. The present study used adult right-handed males (Portuguese-English bilinguals and Englishspeaking monolinguals) in a tachistoscopic word-reading task. In Experiment 1, the words from the bilinguals' two languages were presented in mixed blocks, while in Experiment 2, they were presented in separate blocks. The results were: (1) a similar level of left hemisphere advantage for language in the bilingual and the monolingual groups, (2)no evidence of greater heterogeneity of asymmetry patterns in bilinguals, and (3)a significant correlation (r=.61) for lateralization levels of the bilinguals' two languages. These results indicate that language is processed primarily in the left hemisphere of both bilinguals and monolinguals.
by one hemisphere than by the other in the performance of a certain task. For example, the RH, although specialized for the processing of visuospatial information, can also perform a variety of linguistic functions, although not as efficiently or to the same degree as the LH (Curtiss, 1977; Searleman, 1977; Zaidel, 1978) .
Recently, there has been an increase in research attempting to determine how this pattern of hemispheric specialization might be affected by the knowledge and use of a second language (for reviews, see Galloway, 1981b; Vaid & Genesee, 1980) . A number of studies have examined language processing in neurologically intact bilinguals, using a traditional technique for assessing hemispheric dominancetachistoscopic presentation of words. The results have been mixed: Some studies show the typical LH advantage, while in others there is an indication of a greater degree of RH involvement in language processing than is usually found in monolinguals. This finding of greater heterogeneity of hemispheric dominance patterns in normal bilinguals has received independent support from reviews of case studies of bilingual aphasics. Albert and Obler (1978) and Galloway (1981a) found a higher incidence of aphasia in bilinguals due to lesions in the RH than is typical of monolingual samples. Therefore, it would appear that the acquisition of a second language leads to new patterns of hemispheric functioning. If this were the case, theories of the neuropsychology of language would have to account for the emergence of the RH as an equal or even dominant language processor when a second language is learned and used. However, many of the existing case studies of bilingual , 1980) . A review of the tachistoscopic studies with normal bilinguals also reveals a failure to control a number of variables that by themselves affect language lateralization and, therefore, leave unresolved any possible effects due to bilingualism. The first of these variables is the sex of the subjects: Language functions may be more bilaterally represented in females than in males (Bradshaw & Gates, 1978; Bradshaw. Gates, & Nettleton, 1977; Hannay & Malone, 1976; Lake & Bryden, 1976; McGlone, 1980; McKeever & Van Deventer, 1977; Piazza, 1980 ). The second variable is the handedness of the subjects: Left-handers are more likely to show greater proportions of RH language involvement (Briggs & Nebes, 1976; Bryden, 1965; Goodglass & Quadfasel, 1954; Hecaen & Sauget, 1971; Lake & Bryden, 1976; McKeever, Van Deventer, & Suberi, 1973) . Furthermore, in hemispheric dominance studies with bilinguals, their proficiency in the two languages must be assessed. and monolingual controls must be included in order to provide a direct comparison of monolingual and bilingual performance with identical procedures, apparatus, and stimuli.
For example, the early tachistoscopic studies by Mishkin and Forgays (1952) and by Orbach (1952) found LH superiority for English words in English-Hebrew bilinguals but no differential lateralization of Yiddish or Hebrew words. On the other hand, when right-handed bilingual males were used. LH dominance for both Hebrew and English was obtained by Barton, Goodglass, and Shai (1965) and by Orbach (1967) . Kershner and Jeng (1972) found similar results with Chinese-English bilinguals. However, bilingual proficiency was not assessed in any of these studies, and only Barton et al. (1965) used monolingual (English) controls. A recent study by Walters and Zatorre (1978) selected proficient, righthanded Spanish-English bilinguals and found overall LH superiority. However. analysis of the data from individual subjects revealed that a higher percentage exhibited RH advantage or no differentiallateralization in one or both languages than is usually found in monolingual samples. Hamers and Lambert (1977) obtained a similar pattern of results (i.e., overall LH advantage, but greater individual heterogeneity in lateralization) in a language identification task with right-handed French-English bilinguals screened for language proficiency. However, neither of these studies controlled for sex of subject or included a monolingual control group.
The present study, therefore, examines the effect of bilingualism on hemispheric language dominance, using normal subjects and tachistoscopic presentation of words, while controlling the sex, handedness, and language proficiency of the bilinguals, and including monolingual controls. In addition, this study uses balanced bilinguals who came into contact with their second language after the age of 12. These choices permit the examination of two proposals that have been made with regard to the possible sources of RH dominance in bilinguals (Galloway, 1981b) . First, balanced bilinguals (those who are equally fluent in both languages) show lower overall degrees of language asymmetry. Second, balanced bilinguals may develop different hemispheric processing strategies depending on the age of initial exposure to their second language. In particular. it has been proposed that late bilinguals (whose bilingual experience started after the age of 12) use a right-hemisphere-based "gestalt-like or melodic" strategy to classify words as belonging to one language or the other (Genesee, Hamers, Lambert, Mononen, Seitz, & Starck, 1978) .
EXPERIMENT 1
Method
Subjects. Ten male Portuguese-English bilinguals (ages 21-35; mean=25.7), whose first language was Portuguese and who came first into contact with English after the age of 12, and 10 male English-speaking rnonolinguals (ages 20-39; mean=25.7) participated in this study. All subjects were strong right-handers, as determined by a short questionnaire developed from Bryden (1977) and Oldfield (1971) , with no left-handers in the immediate family. The bilinguals were selected for approximately equal and high degree of fluency in Portuguese and English. Their language proficiency was assessed by a questionnaire in which the subjects rated their fluency in reading, writing, speaking, and understanding of Portuguese and English; a reading test in which subjects were timed in reading aloud Portuguese and English passages of equal length; and a naming task in which subjects named objects found in various settings in 1 min. Subjects had to rate their overall fluency in English and Portuguese as equal, read the passages in approximately the same time (± 10%), and name approximately the same number of objects (± 15070). In addition, care was taken to ensure that bilinguals used both languages regularly. All of the bilinguals moved to the United States in their adolescence and, therefore, learned English in school and through interactions with their English-speaking friends and the community in general.
Stimuli. The stimuli were 40 English nouns of medium to high frequency (mean = 100.45; range, 10 to 371), according to the analysis by Kucera and Francis (1967) , and their 40 Portuguese translations. The words (two to six letters in length) were printed horizontally in black letters on 5 x 7 in. white cards using rub-on letters (C-THRU Graphics, Helvetica Medium, 30 pt) and centered 2 deg 23 min to the right or to the left of the fixation point.
Procedure. Each word was presented unilaterally, once to the right and once to the left visual field, through a tachistoscopic (Scientific Prototype, Model GB-32O) for a duration of ISO msec. Order of presentation to right and left visual fields was random.
For the bilingual group, the Portuguese and the English words were randomly mixed. The monolinguals were exposed only to the English words. Subjects in the monolingual group received a series of 18 practice trials with equal presentations to the right and left visual fields, whereas the bilinguals had 36 practice trials with an equal number of Portuguese and English words and equal presentations to the right and left visual fields. In each trial the experimenter said "Ready" when the stimulus card had been inserted in the tachistoscope. The subject then fixated on an X located at the center of the field, pressed a key that activated the tachistoscope, and read the word aloud as fast as possible. Reaction times were measured by a PDP-ll computer as the time from the onset of word presentation to the onset of vocalization as measured by a voice-operated relay. Bradshaw and Gates (1978) and White (1973) have shown that this procedure is effective in producing differential hemispheric performance. Figure 1 shows the mean reaction times (for correct responses only) for the English words presented to monolinguals and bilinguals (left side of the figure) and for the Portuguese words presented to the bilinguals (right side of figure) as a function of visual field. It is clear that words were named faster when presented to the right visual field (RVF), indicating left hemisphere dominance for both groups. This is true also for the two languages in the bilinguals. In addition, the monolingual group responded faster overallthan the bilingual group.
Results and Discussion
These observations were confirmed by two analyses of variance. First, bilingual and monolingual performance was examined for the English w.ords [2 groups (monolingual and bilingual) by 2 VIsual fields (right and left), with subjects and words as random variables (Clark, 1973») . Both main effects were significant. In overall reaction time, the monolinguals (874 msec ing that although the bilinguals responded slower than did the monolinguals, the level of left hemisphere dominance for language processing in both groups is similar. Indeed, this is illustrated by the identical ratios of mean reaction times for right and left visual fields: monolinguals = .93; bilinguals (English) = .92.
The second analysis of variance examined the responses of the bilinguals to the Portuguese and English words [2 languages (English and Portuguese) by 2 visual fields (right and left), with subjects and words as random variables). Only the main effect of visual field was significant. As in the previous analysis, words were read significantly faster when presented to RVF (RVF= 1,155; LVF= 1,243) [F'(l,9) = 5.20, p < .05). Again, the left hemisphere was superior to the right in mediating this task. The main effect of language was not significant [English = 1,200 msec; Portuguese = 1,198 msec; F'(1,13) = .006, p> .90), indicating that the bilinguals were equally proficient in the two languages. The Language by Field interaction was not significant [F' (1,1O~= .08, p> .70), suggesting a similar level of lateralization for the two languages. The ratios of mean reaction times for right and left visual fields show this: English = .92; Portuguese = .93.
Individual data were then analyzed in order to determine whether the bilinguals might exhibit a greater heterogeneity in patterns of hemispheric asymmetry, even though the group data showed overall LH advantage. The results show, to the contrary, that a high degree of similarity exists in patterns of hemispheric dominance for bilinguals and monolinguals. In the monolingual group, eight subjects exhibited LH superiority, while two exhibited RH advantage or no differential lateralization; in the bilingual group, the corresponding numbers are eight and two for the English words and seven and three for the Portuguese words.
It can be concluded, therefore, that when relevant variables are controlled, similar patterns of left hemisphere dominance for language processing are found in monolinguals and bilinguals. Furthermore, since our bilingual subjects were balanced and had come into contact with their second language after 12 years of age, these two variables cannot be posited as possible sources of increased right hemisphere involvement in the language processing of bilinguals. However, the fact that the bilinguals respond significantly more slowly than do the monolinguals was a point of concern. Bilinguals may indeed be slower than monolinguals at performing language-related tasks. Or, more likely, the difference was due to the procedure of mixing words randomly from the two languages and visual field presentations so that, on any trial, the subject did not know the language of the word or the visual field in which it would appear. In contrast, only the visual field was randomized for the monolingual subjects. in Experiment 1 was not due to the difficulty of their task. Furthermore, Portuguese and English seem to be lateralized to the same degree.
The results of two analyses of variance confirmed these observations. First, the performances of the monolingual controls in Experiment 1 and the bilinguals in Experiment 2 on the English words were analyzed [2 groups (monolingual and bilingual) by 2 visual fields (right and left), with subjects and words as random variables). Only the main effect of visual field was significant. Once again, responses to words presented in RVF (856 msec) were faster than those in LVF (925 msec) [F'(l,20) = 16.08, p < .001), indicating LH superiority. Overall reaction times for the two groups were not significantly different [monolinguals = 874 msec, bilinguals = 907 msec; F' (1,21)= .32, p > .50), demonstrating that, at the word level, comparable performances can be obtained in monolinguals and bilinguals when the two languages of the bilingual are presented separately. The Group by Visual Field interaction also was not significant [F'(1,17)= .03, p > .80), indicating that, for both groups, language processing is lateralized to the same extent. Once again, the ratios of mean reaction times for right and left visual fields are identical: monolinguals (from Experiment 1) = .93; bilinguals (English) = .92.
The second analysis of variance examined the responses of the bilinguals to the Portuguese and the English words [2 languages (Portuguese and English) by 2 visual fields (right and left), with subjects and words as random variables). The only significant effect was visual field. Words were read faster when presented to RVF (854 msec) than to LVF (916 msec) [F'(I,12)= 11.92, p < .005), again demonstrating LH advantage. As with the first group of bilinguals, the main effect of language was not significant [English= 907 msec, Portuguese = 863 msec; F I (l, 15) =4.10, p > .05], indicating that the bilinguals were equally proficient in both languages. In addition, the Language by Visual Field interaction was not significant [F'(1,10)= 1.11, p > .30), again suggesting similar levelsof lateralization for the two languages. The ratios of mean reaction times for right and left visual fields clearlyshow this: English= .92, Portuguese = .94.
Individual data were analyzed as in Experiment 1. Again, identical numbers of subjects in the monolingual and bilingual groups exhibited LH superiority. For the monolinguals (from Experiment 1), as well as for the bilinguals (two languages), eight subjects exhibited LH advantage, while two showed RH superiority or no differentiallateralization. (This was the case for both languages.) These results, together with those obtained in Experiment 1, provide no support for the findings of greater heterogeneity in patterns of asymmetryreported by Hamers and Lambert (1977) and by Walters and Zatorre (1978) . However, neither of those studies controlled for the sex of the subjects. 
The mean reaction times (for correct responses only) for the English and Portuguese words presented to the bilingual subjects in Experiment 2 as a function of visual field are shown in Figure 2 , along with those for the English words for the monolingual controls of Experiment 1. First, it is apparent that when the two languages are presented separately, bilinguals respond as rapidly as monolinguals. Second, the RVF (LH) superiority is maintained, suggesting that the LH dominance obtained in the bilinguals Method Subjects. Ten male Portuguese-English bilinguals (ages 20-30; mean = 22.7), who did not take part in Experiment 1 but fulfilled all of the screening criteria, served as subjects.
Stimuli. The stimuli were the same as in Experiment 1. Procedure. The procedure was the same as in Experiment I except that the two languages were presented in separate blocks. For all subjects, the English words were presented first, followed by the Portuguese words. Before each language block, the subjects received 18 practice trials in which words for the appropriate language were presented an equal number of times to each visual field. subjects, therefore, had to perform a more difficult task and, clearly, more time was required to complete it. Furthermore, this increased task difficulty could have produced or at least enhanced the level of left hemisphere dominance in the bilinguals, as lateralization research in the auditory modality has shown (Godfrey, 1974) . In order to resolve this potential confounding variable, a second experiment was conducted in which a different group of bilinguals was presented the English and Portuguese words in separate blocks.
The results of Experiment 2, therefore, confirm those obtained in Experiment 1 by showing that task difficulty per se did not produce or enhance the level of LH dominance in the language processing of bilinguals.
Another point of interest was the degree of correspondence between the lateralization values of the bilinguals' two languages. A Pearson product-moment correlation coefficient was computed for the right-left visual field ratios for all 20 bilinguals. The result was r = .61, which agrees well with the values reported by Walters and Zatorre (1978; r=.63 ) and by Piazza and Zatorre (1981; r= .58) . Therefore, the extent of asymmetry in one of the bilingual's languages is indeed related to that of the other.
GENERAL DISCUSSION
The results of these two experiments indicate that when relevant variables are controlled, LH dominance in language processing is similar in bilinguals and monolinguals. Furthermore, since our subjects were balanced late bilinguals, the age of onset of second language experience and the degree of fluency in the two languages can no longer be posited as possible sources of greater levels of RH involvement in language processing.
Recent studies of language lateralization in the auditory modality, using the dichotic listening paradigm, support and extend our conclusions. Galloway (1981a) tested male right-handed Spanish speakers who were just beginning to acquire English informally and found LH superiority for both languages at levels similar to those obtained in English and Spanish monolingual controls. Gordon (1980) examined male and female right-handed Hebrew-English bilinguals. The results showed that the same pattern of LH dominance was obtained for both languages, regardless of when the second language was learned, how long it had been used, or how well it was known. Furthermore, females yielded smaller lateralization scores than males. Thus, our findings that LH dominance is present in balanced late bilinguals can now be extended to those just beginning to acquire a second language informally, to those who are more or less fluent in a second language, and to those who use their second language only irregularly. In addition, Piazza and Zatorre (1981) have shown that bilingual (Spanish-English) children, aged 9:6 and 13:6, exhibit similar levels of LH superiority in both languages, demonstrating that the pattern of language lateralization appears stable in development. Although there are additional variables that might show an increase in RH involvement in the language processing of bilinguals (e.g., manner of acquisition, cognitive strategies, "cultural" bias, etc.), it seems likely that our main effect will show generality, with language processed by LH to the same extent in monolinguals and bilinguals.
